components were rarely compared or if so, the comparison The seminal plasma components neutral α-glucosidase, was based on a small number of biochemical measurements. carnitine, fructose, citrate, and polymorphonuclear granTherefore, it was the aim of the present study to compare the ulocyte (PMN) elastase in 253 men were determined. The concentrations of neutral α-glucosidase, total carnitine and seminal plasma of 221 infertile men, a control group with carnitine fractions, free carnitine and acetylated carnitine, proved fertility and 13 patients after vasectomy were fructose, citrate, and PMN elastase in seminal plasma of investigated. The concentrations of free carnitine (212 infertile patients with the respective values measured in a versus 521 µmol/l, n ⍧ 219, P < 0.001), total carnitine (437 control group and thus to determine the diagnostic validity of versus 743 µmol/l, n ⍧ 219, P < 0.001), and the activity of these markers as additional tools of the classic spermiogram. neutral α-glucosidase (15.1 versus 23.4 IU/l, n ⍧ 236, P < 0.05) were significantly reduced in the infertile patient group as compared to the fertile control group, the concenMaterials and methods tration of PMN elastase (102 versus 48 µg/l, n ⍧ 234, P < Study subjects 0.05) being significantly increased in the infertile patients.
Samples of seminal plasma of a total of 253 men with an average
In the patients after vasectomy the activity of neutral α-age of 33.2 years (18-59) were obtained. In all, 221 men presented glucosidase was the only epididymal marker that was at our department because they had failed to achieve conception in significantly reduced (4.3 versus 9.8 IU/l, n ⍧ 35, P ⍧ Ͼ2 years. In addition seminal plasma of 13 patients after vasectomy
0.002) in comparison with the patients with testicular
and of 19 patients with proven fertility was investigated. All 13 men azoospermia. At a limit of 6 IU/l the sensitivity of the after vasectomy had azoospermia (obstructive azoospermia). The method was 92% and the specificity was 72%. Altogether, spermiograms of the 19 fertile men in the control group were normal.
the epididymal markers were reduced in subfertile patients
The 221 infertile men were subdivided according to their compared with the control group. For the differential spermiograms (as recommended by WHO, 1993) : normozoospermia, oligozoospermia, asthenozoospermia, teratozoospermia, OAT (oligo-
Introduction
Samples were obtained by masturbation into a sterile plastic vessel with a preparatory period of at least 3 days. After physical examination
In the seminal plasma, after separation of the cellular componof the ejaculate (pH, volume, consistency, aspect), sperm motility ents, various chemical substances are to be found, which can after 60 min was determined microscopically at 400-fold magnification be assigned to specific organs or compartments of the male from the native sample and assigned to the categories (i) vividly genital system. Those substances can thus serve as diagnostic motile, (ii) moderately motile, and (iii) immotile. Sperm count and indicators [World Health Organization (WHO), 1993] .
concentration of round cells were determined in the counting chamber Neutral α-glucosidase, carnitine, and glycerolphosphochoThoma (depth 0.100 mm, volume 0.0025 mm 3 ) after dilution with a line are markers of epididymal function (Cooper et al., 1990;  bicarbonate, formalin, and gentian violet solution. The number of WHO, 1993) . Fructose and prostaglandins are mainly generated peroxidase positive cells was determined using a conventional staining in the seminal vesicles, and the determination of citrate, zinc, technique with benzidine and cyanosine (Ludwig et al., 1996) . The and of the prostate-specific acid phosphatase enables the vitality of the spermatozoa was determined by staining with eosin. The differentiation between normal and pathological spermatozoa prostatic function to be evaluated (WHO, 1993). Polymorpho-followed the WHO recommendations (WHO, 1993) . Spermatozoa measured for each parameter, the real number of patients were considered normal if there were neither defects of the head investigated in each subgroup was given at the bottom of the (length 4.0-5.5 µm, breadth 2.5-3.3 µm, shape oval, ratio of length figure. Total carnitine was not included in the figure because to breadth 1.5-1.75, acrosome easily distinguishable) nor defects of it behaved almost the same way as free carnitine. The results the neck, tail or centre part. One hundred spermatozoa were counted.
can be summarized as follows:
The seminal plasma was centrifuged at 3000 g for 15 min within 2 h after sampling. The supernatant was carefully removed and stored 1. When comparing infertile men having normozoospermia at -80°C before biochemical analysis.
(n ϭ 40) with the control group (n ϭ 9), we found significantly reduced concentrations of free carnitine (295
Biochemical analysis
versus 521 µmol/l, P Ͻ 0.001) as well as total carnitine Neutral α-glucosidase, fructose, and citric acid were determined with (513 versus 743 µmol/l, P Ͻ 0.001) and significantly commercially available test kits from Boehringer Mannheim GmbH increased concentrations of PMN elastase (144 versus (Mannheim, Germany) . For determining neutral α-glucosidase, 4-
Correlation between biochemical parameters and spermiogram findings

Results
In Tables II and III , the correlations between the biochemical Biochemical parameters in seminal plasma of the control parameters and the quality criteria of the spermiogram are group and of infertile patients summarized.
Between the biochemical parameters of the epididymal Figure 1 shows the data of the individual groups in the form of box plots. As not all patients in every subgroup could be function, free carnitine, total carnitine, and neutral α-glucosid- Figure 1 . Biochemical markers in the seminal plasma of controls and in the infertile men. The infertile men were classified into subgroups according to semen parameters. Symbols: contr ϭ controls; nor ϭ normozoospermia; ol ϭ oligozoospermia; azo ϭ azoospermia; ast ϭ asthenozoospermia; ter ϭ teratozoospermia; OAT ϭ oligoasthenoteratozospermia syndrome; PMN ϭ polymorphonuclear granulocyte. The central box in the box-and-whisker plot represents the interquartile range, the whiskers represent the ranges without the outliers and the middle line in the box represents the median.
ase, a close statistical relationship with a correlation coefficient number of spermatozoa as well as to motility, vitality, and morphology, whereas these correlations were less intensive for Ͼ0.5 was shown, while between the other parameters only single correlations of not more than 0.25 occurred (Table II) .
total carnitine and for the activity of neutral α-glucosidase (Table III) . For the concentration of free carnitine the strongest positive correlations were demonstrated in the spermiogram to the
The correlation between the concentration of PMN elastase in seminal plasma and the number of peroxidase-positive white concentration of free carnitine in the seminal plasma of infertile men. Jeyendran et al. (Jeyendran et al., 1989) compared 18 blood cells in the ejaculate was clearly positive (r ϭ 0.717, different biochemical components in the seminal plasma of P Ͻ 0.001). There was no statistical relationship between the men after successful in-vitro fertilization and the seminal microbiological findings in the ejaculate and the PMN elastase plasma of infertile men after therapy failure. The seminal concentration in seminal plasma.
plasma components did not reveal any significant differences between the groups, except for reduced glycerylphosphorylchoDiscussion line. In another publication, higher concentrations of free The biochemical parameters in the seminal plasma of infertile carnitine, total α-glucosidase and citrate in infertile men with and of fertile men were seldom compared and, if so, had led normozoospermia were described than for the values measured to variant results. Kohengkul et al. (Kohengkul et al., 1977) in fertile men (Cooper et al., 1991) . were able to prove a reduced acetylcarnitine concentration and
In this study, clearly reduced (P Ͻ 0.001) concentrations of free carnitine (212 versus 521 µmol/l) and total carnitine Soufir et al. (Soufir et al., 1984 ) demonstrated a reduced (437 versus 743 µmol/l) were demonstrated in infertile men, tion of carnitine (free carnitine, total carnitine, acetylcarnitine) is unsuitable for differentiating between a testicular and an compared with controls. When only infertile men with normozoospermia were compared with the control group, those obstructive azoospermia. Before starting medical reproductive measures, the reasons markers were still significantly reduced (P Ͻ 0.001). The activity of neutral α-glucosidase was lower in the infertile for male infertility must be precisely diagnosed. The measuring of PMN elastase concentrations (infection) and of the activity men than in the controls (15.1 versus 23.4 IU/l, P Ͻ 0.05). The reduction of neutral α-glucosidase in infertile men is to of neutral α-glucosidase (occlusion, testicular) in seminal plasma gives additional information. be attributed to the large proportion of patients with reduced sperm count and/or azoospermia in this group. Consequently, From the results of this study, it is concluded that only α-glucosidase hints at an obstruction of the seminal ducts and the comparison exclusively of patients with normozoospermia with controls showed no difference in the activity of the that concealed inflammation of the male reproductive tract is often associated with male infertility. Therefore, in excluding enzyme.
An association between a large number of leucocytes and an infection of the seminal ducts in subfertile men, measuring the PMN elastase concentration is useful only in addition to limited male fertility has been described previously (Caldamone et al., 1980; Talbert et al., 1987) . The present study the spermiogram according to WHO criteria; in cases of azoospermia of unknown origin the concentration of α-glucosirevealed a slightly significant (P ϭ 0.034) increase of the PMN elastase concentration in the presence of male sterility dase should be measured additionally. factor. Significantly increased values of PMN elastase (P ϭ 0.015) were measured in patients with fertility problems and
